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© Programmable cats transfer timing. 

© A method and apparatus tor providing asyn- 
chronous communication between ai least one cen- 
tral processing unit (CPU) and at least one asso- 



ciated memory unii with specially programmed tim- 
ing signals to latch, select and transmit oats between 
them. 
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Reid of the Invention 

The present invention relates to data process- 
ing systems, and more particularly to date process- 
ino systems wherein at least one central process- 
ing unit thereof operates asynchronously with at 
least one memory source unit thereof. 

Background of the Invention 



jo 



In most, conventional data processing systems, 
£ centra! Drocessor unit (CPU) thereof is generally 
arranged to operate with its associated memory 
source units at a synchronous rate which is related 
to the soeed oi operation of the memory unit. The 
memory functions are controlled by the CPU, and 
the two units are then synchronously operated by 
the use of appropriate timing signals communi- 
cated therebetween. 

In such apparatus, the data processing system 
functions by transferring data among its internal 
registers, its memory, and its input-output (I/O) 
devices. The transferring ol data involves move- 
ment" of data between a source and a destination, 
either directly or through intervening units, such as 
an arithmetic logic unit (ALU), which appropriately 
modify the data which is being transferred. Tne 
transferring of data with I/O devices occurs over at 
least one memory bus. In addition, the apparatus 
has an appropriate independent memory address 
bus for transferring memory address data. 

When memory units associated with the CPU 
lack synchronous clocks, it is desirable. to operate 
the CPU asynchronously with the memory units, 
because each oi the memory units may operate at 
c different speed, independent of the CPU opera- 
tor speed. 

in prior art data processing systems each uku 
thereol operates either synchronously or asynchro- 
nously with its associated memory units. In the 
former case, a single clock- source is utilized to 
assure that correct sequencing of the overall data 
processing ooeration occurs, in such systems both 
the CPU and the associated memory units are 
timed directly from the same clock source, in the 
latter case, separately and effectively independent- 
ly operated timing systems, or clocks, are used in 
the CPU and in its associated ..memory units, in 
su-h asynchronous systems there is no effective 
relationship between the independently operabng 
-locks In order to assure that the desired se- 
quence oi operations occurs in the CPU and each 
associated memory unit the synchronizing oi their 
operations is usualiy accomplished through appro- 
priate sensing oi operating state changes as certain 
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ooerating sianals pass from one binary level to 
another, such as an edge sensitive synchronizing 
operations, tor example. Relatively elaborate sens- 
ing and synchronizing circuitry is usually required 
tor such purpose, and its implementation is rela- 
tively expensive. 

Wfth most presently known asynchronously op- 
erated data processing systems, at least one CPU, 
and associated control signals used to coorornate 
its operation wfth that oi its associated memory 
units are configured so that once a CPU inmates 
the operation oi an associated memory unit, opera- 
tion oi the CPU is effectively halted until an aopro- 
phate control signal is received from the associated 
memory unit to permit resumption oi the CPU 
operations, in such an arrangement the overall 
processino time is increased over that which would 
be required ii the CPU were permitted to proceeo 
•wfth at least certain operations simultaneously with 
the operation oi its associated memory units. 

In other known dat£ processing apparatus, 
asynchronous operation is achieved with CPU and 
associated memory unit clock signals having pre- 
determined phase relationships with each otner. 
The timing between the separate clock pulses of a 
CPU and each oi its associated memory units is 
asynchronous in the sense that the CPU can op- 
erate wfth associated memory units having afferent 
operatino speeds, while at the same time the over- 
all timino of each memory unit is made adaptive.y 
svnchronous to that oi irs associated CPU because 
oi the predetermined phase relationship between 
their respective clock pulses. Although this system 
allows the operation oi various memory unrts at 
different speeds with a single CPU : separate clocks 
with a fixed phase relationship are requ.red. In 
addition, this arrangement requires a clock attribu- 
tion cable and interface arrangement between tne 
CPU and its associated memory unrts. just as is 
the case with synchronous systems. The elimina- 
tion oi this costly addition to the computer system 
is highiy desirable. 
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Summary Oi The invention 

The present invention provides asynchronous 
operation oi a CPU by using specially programmeo 
timing sianals in the CPU to latch, select ano 
transmit data from a variety oi different memory 
source units. The memory units have no timing 
sianals oi their own, and instead operate synchro- 
nously in resoonse to the soecially phased timing 
sionais in the CPU. Since the period requ.red to 
lach select and transmit data from a particular 
memory unit depends upon the transmission re- 
ceotion delays between the CPU and selected 
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memory unit as well as the speed of the selected 
memory .unit the time delay due to phasing be- 
tween the timing signals transmitted to each se- 
lected memory unit is programmed to force the 
CPU to read the data which is received after the 
delay in a subsequent vaiid data reading window of 
the CPU timing cycle. When the delay in the 
transmission-reception path is greater than the pe- 
riod of a single CPU timing cycle, the CPU reads 
incoming date from the selected memory unit dur- 
ino the data reading window of a subsequent CPU 
timing cycle. The programmed delays are chosen 
to provide such delay periods. When the 
transmission-reception delays are insignificant 
compared to the CPU timing cycie. no delay is 
programmed. Likewise, when the transmission-re- 
ception delay is sufficient to deiay the received 
data within the data reading window oi £ subse- 
quent CPU timing cycle, no delay is programmed. 
Howevei. even when no deiay is programmed, the 
identification ot the memory units which require no 
programmed delays have their addresses pro- 
grammed for identification purposes. 

The transfer oi information from each memory 
unit is thereby initiated and completed by the asso- 
ciated CPU. Proper select-read memory timing is 
ouaranteed with programmed phase shifts in the 
CPU for each memory unit to be selected, 



Description oi The Drawings 



Figure 1 is £ typical system block diagram 
oi a date processing system suitable for incorporat- 
ing the present invention. 

rioure 2 is a graphical representation of data 
transfer "timing signals for "high speed" pro- 
' orammed date transfer timing according to the 
present invention. 

Raure 3 is £ graphical representation oi data 
transfer "timing signals tor "single step" pro- 
grammed data transfer timing according to the 
present invention. 

Detailed Description Of Tne Preferred Embodiment 



Referring to the drawings, wherein like refer- 
ence characters designate like or corresponding 
parts throughout the views, Figure i shows a typi- 
cal system" block diagram oi s date processing 
(dioital computer) system including £ CPU 2 and £ 
memory unit 4. Oi course, it is well known that 
more than one memory unit 4 will typically be 
associated with the CPU 2 as represented gen- 
erally by additional memory units 4* and in Figure 
1. Likewise, it is well known that the computer 



system may also incorporate more than one CPU 
2. One CPU 2 is shown in detail with one memory 
unn 4 in Figure 1 for purposes oi illustrative clarity 
only. 

5 The memory unit 4 typically includes ai least 

one dynamic random access memory unit (DRAM) 
6 which typically provides e serial data output on a 
line B. The serial output oi each DRAM 6 may be a 
40 bit serial data stream, tor instance. The DRAM 6 
w has its output on iine 8 ted to a serial data iatch 10, 
which selectively latches the serial data stream on 
the output of the DRAM 6 when the serial data 
-latch TO is latched with a latch signal on a first 
latch iine 12. The serial data iatch 10 has a latched 
75 serial data output on a line 14 which feeds a data 
word latch 16. The data word iatch 16 converts the 
latched serial data output on the line 14 to a 
plurality oi multi-bil data words, each word on a 
corresponding one oi a plurality ot data word out- 
20 put lines 18. Although the data words latched by 
the data word latch 1 6 may be oi any selected bit 
lenatr. with a corresponding number oi data word 
output lines 18. the data words typically have a bit 
length oi 5. requiring the use oi at least 6 output 
25 line's 1 8 H the latched serial data output on the line 
14 is 40 bits, in length, as shown in Figure 1. The 
data word latch 16 is latched with a latch signal on- 
a second latch iine 20. Tne data word outputs on 
the lines IB are ted into a multi-bit data word input 
3D multiplexer 22, which selects one oi the multi-bit 
data words on one of the data word lines IS with a 
select signal supplied on a select signal input line 
24. The multiplexer 22 feeds the selected multi-bit 
data word on a multiplexer output iine 26. The 
35 selected multi-bit data word on the multiolexer out- 
put iine 26 is fed into a data word transmit latch 28. 
The transmit latch 2S latches the multi-bit data 
word on the multiplexer output iine 26 with a trans- 
mit latch signal on a transmit latch line 3D. The 
40 latched data" word is transmitted from the transmit 
latch 28 along a transmit latch output line 32. The 
DRAM 6.. serial data latch 10, data word latch 16, 
muiiplexer 22 and data word transmit latch 2B are 
well known components which may be intercon- 
45 nected in a variety oi well known configurations 
and are shown in block form tor purposes oi repre- 
sentation only, since they do not in themselves 
constitute pan of the present invention. 

The latch signal on the second iatch iine 20 
so and the select signal on the select signal input line 
24 are both gated by respective first and second 
data nip-flops" 34, 35 which have their non-inverted 
O outpurs supplying lines 20 and 24 respectively. 
The first data fitp "flop 34 has an inverted clock 
55 input ted by a first clock input line 38, and the 
second data flip flop 35 has an inverted clock input 
ted by a second clock input line 40. Tne first and 
second clock input lines connect to the transmit 
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latch Tine 30, so that the status of the first and 
second flip flops 34.. 36 cannot change state when- 
ever the transmit latch signal on the transmit latch 
line 30 is asserted. This gating feature prevents the 
date word latch 16 and the mufti-bit data word 
multiplexer 22 trom shitting their outputs when the 
Transmit latch signal is asserted on the transmit 
latch line 30. 

The CPU 2 includes a latch control circuit 42 
which provides the latch signals on the first latch 
line - .a to the serial data iatch 10 and on a first flip 
flop input iine *4 to the date D input of the first 
cats flip flop 34 with its Q output on the second 
latch line 20 to the cats word latch 16. Thus, .the 
latch control circuit 42 controls the latching oper- 
ations of both the serial data latch 10 and the date 
word latch 16. A selector circuit 46 provides the 
select signal on a second flip flop input iine 48 to 
the data D input of the second data fiip fiop 36 with 
its Q output on the select signal iine 24 to the data 
word input muiiplexer 22. A memory receive circuit 
50 receives the latched data word on the output 
line 32 trom the transmit latch 28. 

A CPU dock control unit 52 provides timing 
sionais for controlling both the CPU 2 and the 
memory unit 4. The clock control unit 52 supplies a 
first cyclic reference timing signal on a first timing 
line 54 and a second cyclic reference timing signal 
on a second timing iine 56 to the latch control 
circuit 42 to synchronize the first and second latch 
signals from the iatch control circuit 42 on the lines 
12 and 44 respectively. The first reference timing 
signal on the line 54 in Figure 1 is graphically 
represented by a iine 5B in Figure 2, and the 
second reference timing signal on the iine 56 in 
Rgure 1 is graphically represented by e line 60 in 
Figure 2. 

~ The first reference signal represented by the 
iine 5B includes a cyclic pulse train of timing 
pulses 62 which designate the initial phase of each 
timing cycle for the CPU 2. The timing pulses 62 
have "intervals between them on the order of 1/8 of 
the timing cycle. The second reference timing sig- 
nal represented by the line 60 is a generally sym- 
metrical digital waveform comprising a pulse train 
of timing pulses 64 with an approximately fifty 
percent duty cycle, and which pulse train has a 
cyclic freouency corresponding to the frequency of 
the timing cycle for the CPU 2. Tne relative phases 
of the first timing signal represented by the line 58 
and the second timing signal represented by the 
line 60 may be shifted relative to each other, to suit 
the convenience of any desired circuit riming ar- 
rangements. 

Tne latch control circuit 42 is timed by the first 
and second timing signals represented by the lines 
5B and 50 respectively, and produces the first and 
second iatch signals on the fines 12 and 44 respec- 



tively in Figure 1. which, signals are respectively 
represented in Figure 2 by lines 66 and SB. The 
first and second latch signals representee by the 
lines 66 and 6B respectively are both synchronized 
s with the trailing edge of the second reference tim- 
ing signal pulses 64. The first latch signal repre- 
sented by the line 66 and the second latch signal 
represented by the line 68 are asserted once per 
eight date transfers from the transmit latch 2fi. 
,0 " The selector circuit 46 also receives the first 
and second timing signals on lines 54 and 55 
respectively and is tuned to select new data at an 
interval of once per timing cycle upon the occur- 
rence of the trailing edge of each second reference 
T5 timing cycle signal pulse 64. The signal selection 
reoions tor the select signal output on the iine 24 
are represented by the areas 70 in Figure 2. 

The CPU clock control unit 52 also receives 
the first and second timing signals on lines 54 and 
20 56 respectively and provides a programmable 
Transmit latch signal on the transmit latch line 30. 
The transmit latch signal on the transmit latch line 
30 at the CPU clock control unit 52 is represented 
by a iine 72 in Figure 2. The transmit iatch signal 
25 represented by the line 72 has z continuous train of 
pulses 74 wrth, a timing cycle, corresponding to the 
first reference signal on the line 58 and intervals 
between the pulses 74 on the order of 1/4 of the 
timino cycle. 

30 Because of the transmission delay involved on 

the line 30 between the CPU 2 and the memory 
unit 4, the transmit latch signal that arrives at the 
data word transmit iatch 28 is delayed with respect 
to the transmit latch signal pulses at the CPU clock 
35 control unit 52. This delay depends upon various 
factors such as the length of the transmit latch line 
30, and will vary between any given CPU 2 and 
memory unit 4, but is represented as approxi- 
mately 7 ns in Figure 2, wherein the delayed 
40 transmit iatch signal received by the data word 
transmit latch 26 is represented by a iine 76, with a 
continuous train of delayed transmit latch signal 
pulses 78. Tne line 76 with the pulses 78 cor- 
responds to the transmit latch signal represented 
45 by the line 72 with the pulses 74 after the approxi- 
mate 7 ns delay to the data word transmit latch 26 
along the transmit latch iine 30. Tne phase shift 
between the pulses 74 and the delayed pulses 78 
is readily apparent in Figure 2. 
so Tne delayed transmit latch signal represented 

by the line 76 is also ted from the line 30 at the 
CPU 2 to the clock inputs on the first and second 
data fiip flops 34 , 36 via the lines 38 and 40, 
respectively. The first and second data flip flops 
« 3^ 36 thereby only permit changes of state during 
the assertion of the delayed pulses 78 of the be- 
layed transmit latch signal represented by the iine 
76. Tnus. the second iatch signal represented by 
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the iine SS in Figure 2 cannot pass from the first 
cats flip flop iine 44 to the second latch iine 20 
until the first data fiip flop 34 is Triggered by the 
leading edge of each of the delayed pulses 78. 
Likewise, the select signal produced by the selec- 
tor circuit 46 does not pass from the second data 
flip flop iine 48 to the select signal input line 24 
until the second data fiip flop 36 is triggered by the 
- leading edge oi each of the delayed pulses 7£. 

Consequently, the duration of the intervals be- 
tween the delayed pulses 78 in the transmit latch 
signal as represented by the iine 75. produced by 
the CPU clock control unit 52. determines both the 
timing and duration of the selected date word 
transmitted on the line 26 from the multi. date word 
multiplexer 22, passed through the transmh latch 
28, and then sent back to the CPU 2 along the 
transmit latch output line 32 to the memory receive 
circuit 50. The memory receive circuit 50 also 
receives the first and second timing signals on the 
iines 54 and 56 respectively and conveniently 
latches the selected data word transmitted along 
the line 32 from the transmit latch 2B beginning at 
the leading edge of each timing pulse 52. The 
phasing of the transmit latch signal may be ad- 
justed relative tc the timing pulses 52 so that the 
Dhase shift between them permits a sufficient time 
delay to let the selected data word transmitted 
from the transmit latch 28 on the iine 32 to reach 
the memory receive circuit 50 after the selector 
circuit 46 provides the select signal on the second 
data fiip flop line 48. If the transmission-reception 
path period between the CPU 2 and the memory 
unit 4 is significant, the delay of the transmit iatch 
signal on the line 30 may be adjusted to force the 
selected data word received at the memory receive 
circuit 50 to rail within a vaiio "data window" foil ow- 
ing the ieading edge of one of the cyclic first 
reference signal timing pulses 52 in a CPU dat2 
transfer timing cycle two cycle periods or more 
following the CPU cycle in which the seiecied data 
word is selected by the selector circuit 46. The 
latch control circuit 42, the selector circuit 45, the 
clock control unit 52 and the memory receive cir- 
cuit 50 are well known components which may be 
interconnected in a variety of well known configura- 
tions and are shown in block form in Figure 1 tor 
purposes of representation only, since they do not 
in themselves constitute part of the present inven- 
tion. 

For instance, in one typical system using the 
timing shown in Figure 2, with, a relatively high 16 
nanosecond (ns) data transfer timing cycie rate, the 
transmission time tor the transmh latch signal on 
the transmit latch iine 30 between the CPU clock 
control unit 52 and the date word transmit iaich 26 
may typically be in the range oi 5.5 to £.8 ns. In 
addition, the reception time for the selected data 



word on the transmit latch output line 32 between 
the memory receive circuit 50 and the data word 
Transmit latch 26 may typically be in the range of 
5.3 to 12.5 ns. Therefore, the total transmission- 

5 reception signal delay between the CPU 2 and the 
memory unit 4 for the signals described above 
may range from 10.8 to 21 .3 ns. Since this 
transmission-reception delay period car, exceed the 
established 16 ns data transfer timing cycle, a 

ic programmed delay is provided between the leading 
edge of the cyclic timing pulses 62 of the first 
reference signal represented by the line 58 and the 
transmit latch signal represented by the line SB. 
For instance, the programmed delay may be se- 

is lected from a plurality of different clock signals, 
each synchronized with the first reference signal 
represented by the iine 58 and having different 
delays tor the ieading edges of their pulse trains 
relative to the leading edge of the first .reference 

20 . sional timing pulses 62. Suitable delays, for a given 
data cycle time 7 D -, have been established as 
follows: 

74 = (4/8) T DC - 1/2 
T5 = (5/B) 7 DC - 1/2 
2 £ T5 = (6/8) T D c " 1/2 

wherein T DC is the date cycie time in nanoseconds, 
and T4, T5 and T6 are the suitable delay times in 
nanoseconds. If a 16 ns data cycle rate is used as 
described above, the values tor T4, T5 and T6 will 
30 be 7.5, 9.5 and 11.5 ns respectively. Of course, 
additional delay times, or different ones, may be 
selected to be compatible with other transmission 
path conditions. Tne assertion time for each de- 
layed clock signal is selected to permit the date 
35 ' word transmit latch 2B to transmit the selected date 
word on the transmit latch output line 32 tor a 
sufficient period when received at the memory re- 
ceive circuit 50 to read the selected data word in a 
valid data window. For this purpose, an appropriate 
40 assertion time may be established as follows: 
T„ = (2/8) T DC 

wherein 7 DC is the data cycle time in nanoseconcs, 
and u is the assertion time tor the selected trans- 
mit latch signal on the transmit latch line 30. Thus, 

4$ for the 16 ns data timing cycie shown in Figure 2, 
the value of T A is 4 ns. 

As shown in Figure Z, the trailing edge of each 
of the pulses 74 ol the transmit latch signal repre- 
sented by the iine 72 is shown with the T5 delay of 

50 9.5 ns relative to the trailing edges of the pulses 62 
of the first reference timing signal represented by 
the line 56. Tne trailing edge of each of the pulses 
52 occur approximately 0.5 ns after the start of 
each timing cycle for the first reference signal 

55 represented by the line 58. The transmission-re- 
ception delay between the CPU 2 and the memory 
unit 4 is shown as approximately 21.5 ns. approxi- 
mately 7 ns between the CPU clock control unit 52 
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and the date word transmit latch 28, and approxi- 
mately "«4-5 ns between the data wore transmit 
latch 28 and the memory receive circuit 50. Thus, 
a trailing edge of each one of the transmit latch 
sionai pulses 74 is sent from the CPU clock control 
unit 52 approximately £.5 ns after a corresponding 
trailing edge of each one of the first reference 
timing signal pulses 62. Tne corresponding .trailing 
edge of each one of the delayed transmit latch 
signal pulses 78 reaches the date word transmit 
latch 28 on the line 30 approximately 7 ns later. 
The interval between the delayed pulses 78 is 
approximately 4 ns to allow the first and second 
date Hip flops 34 , 36 to pass the . second latch 
signal on the line 44 into the cats word latch 16 
and the select signal or, the line 46 into the multi 
date word multiplexer 22, and then to transmit the 
selectee data word through the data word transmit 
latch 26 on the line 32 for approximately 4 ns so 
tha: the selected data word is recoverable by the 
memory receive circuit 50. After each 4 ns interval 
between the transmit latch signal delayed pulses 
78, the leading edge of each subsequent delayed 
pulse 76 latches in the next selected data word by 
locking the states of the first and second data flip 
flops 34, 36 with the delayed latch transmit signal 
pulses 78 fed into their inverted clock inputs. Thus, 
the next selected data word is held tor the transmit 
phase of the subsequent data transfer cycle. The 
total transmitted data word on the iine 32 is re- 
ceived by the memory receive circuit 50 in the 
CPU 2 approximately 14.5 ns after reiease by the 
data word transmit latch 28. The transmitted se- 
lected data word sequence received by the mem- 
ory receive circuit 50 on the line 32 is represented 
by the sequential regions 80 and B2 in Figure 2, 
where the regions 80 represent the sequentially 
received selected date words and the regions 82 
represent the intervals between the selected data 
words. Consequently, each selected data word ar- 
rives at the memory receive circuit 50 a total ot 31 
ns after the trailing edge of the corresponding 
initiatino first reference timing pulse 62 described 
above, which synchronizes it to arrive with the 
trailino edge of one of the first reference timing 
pulses 62 'which follows two data transfer timing 
cycles later. Of course, the programmed delay can 
be changed to "fine tune" the system by substitut- 
ing a different value of delay, such as that des- 
icr.ared T4 or T5, as described above, or some 
other value. 

The programmed delay for the transmit latch 
signal pulses 74 may also be selected as zero 
when the data transfer timing cycle is low enough 
that the selected data word transmitted oy the data 
word transmit latch 28 in the memory unit 4 can 
reach the memory receive circuit 50 of the CPU 2 
within the data window of a data transfer timing 



cycle which follows the cycle including the initiating 
first reference timing pulse B2 described above. 
The programmed delay in this case is designated 
70. 

5 Figure 3 shows a graphical representation of 

the signals shown in Figure 2 which have cyclic 
periods modified tor a data transfer timing cycle oi 
24 ns. The trailing edge of each of the transmit 
latch pulses 74 are sent out simultaneously with 
70 the trailing edge of each first reference timing 
signal pulse 52, since the programmed delay for 
the pulses 74 is zero. Tne transmission-reception 
delay between the CPU 2 and the memory unit 4 is 
shown once again as approximately 21.5 ns. ap- 
75 proximately 7 ns between the CPU clock control 
unit 52 and the data word transmit latch 28. and 
approximately 14.5 ns between the data word 
transmit latch 28 and the memory receive circuit 
50. Thus, a trailing edge of each one of the trans- 
20 mit latch signal pulses 74 is sen1 from the CPU 
clock control unit 52 simultaneously with a cor- 
' responding trailing edge ot each one oi the first 
reference timing signal pulses 52. i he correspond- 
ing trailing edge of each one of the delayed trans- 
25 mit latch signal pulses 76 reaches the data word 
transmit latch 26 on the line 30 approximately 7 ns 
later. The interval between the delayed pulses 78 is 
tor a period T* as defined above, but for the 24 ns 
data transfer timing cycle, which is: 
30 U = (2/8) 24, ^ 

or aoproximateiy 5 ns. The interval, between tne 
delayed pulses 78 allows the first and secono flip 
flops 34, 35 to pass the second latch signal on the 
line 44 into the data word latch 16 and the select 
o 5 sianal on the iine 48 into the multi data word 
multiplexer 22, and then to transmit the selectee 
data word throuoh the data word transmit latch 28 
on the line 32 for approximately 6 ns so that the 
selected data word is recoverable by the memory 
40 receive circuit 50. After each 6 ns interval between 
the delayed transmit latch pulses, the leading edge 
of each subsequent delayed pulse 78 latches in the 
next selected data word by locking the states of 
the first and second data flip flops 34 , 36 with the 
45 delayed latch transmit signal pulses 78 red into 
their inverted clock input. Thus, the next selected 
data word is held tor the transmit phase of the 
subseouent data transfer cycle. The transmitted 
data word on the line 32 is received by the mem- 
so orv receive circuit in the CPU 2 approximately 14.5 
ns after release by* the data word transmit latch 28. 
Conseouently, the selected data word arrives at the 
memorv receive circuit 50 a total of 21.5 ns after 
the trailino edoe of the corresponding initiating first 
c 5 reference^ timing pulse 62 described above, which 
svnehronizes it to arrive first before, and curing, 
the trailing edoe the one ot the first reference 
timing pulses 52 which follows in the immediately 
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subsequent data transfer timing cycle. Thus, the 
dare transmission between the CPU 2 and the 
memory unit 4 is synchronized to receive date a 
single data transfer cycle after the CPU selects a 
cata word from the memory unit 4. This operation 
allows "single step" function operation where the 
slocks stop and start. For this "single step" data 
Transfer sequencing, the select signal on the iine 48 
sequentially transmits each selected data word for 
c complete data transfer cycle beginning with the 
leading edge of each corresponding second refer- 
ence signal pulse B4. Tnis insures that the proper 
value of the select signal is locked into the mul- 
tiplexer 22 by the second data type flip fiop 36. In 
contrast for "high speed" data transfer cyciing as 
described above in connection with Figure 2. the 
select signal on the iine 48 sequentially transmits 
each selected data word for a complete data trans- 
fer cycle beginning with the trailing edge of each 
corresponding second signal reference pulse 54. 
Thus, for "high speed" date transfer timing the 
select signal is delayed a half cycle of the data 
transfer cycle compared with single step operation. 

Likewise, tor all data transfer timing cycles 
having periods greater than about 23 ns, the same 
data transfer timing cycie as described above for 
single step timing is implemented since the 
transmission-reception delay between the CPU 2 
and the memory unit 4 is sufficiently small in all 
cases so that the selected data words received by 
the memory receive circuit 50 may be read in a 
valid data window of its data transfer cycle without 
a programmed delay period. 

if will be understood that various changes in 
the details, arrangements and configurations of the 
carts and assemblies which have been described 
and illustrated above in order to explain the nature 
of the present invention may be made by those 
skilled in the art wrthin the principle and scope of 
the invention as expressed in the appended claims. 



Claims 

1 a method of maximizing data acquisition 
between at least one central processing unit with a 
reference clock and at least one memory source, 
said memory source having variable data rate out- 
puts and data paths, comprising: 
programming a plurality oi clock delays with re- 
spect to said central processing unit reference 
clock to form a corresponding* plurality of delayed 
clock signals; 

selecting one of said delayed clock signals for a 
selected one oi said memory sources; 
signaling said selected memory source witn a first 
latch signal synchronized with said reference clock 
to form latched serial source data; 



signaling said selected memory source with a sec- 
ond latch signal synchronized with said reference 
clock to form a plurality of latched parallel multi-bit 
data words from said latched serial source data; 
5 signaling said selected memory source with a se- 
lect sional to seiect one of said latched parallel 
multi-bit data words; 

signaling said selected memory source with said 
selected delayed clock signal to transmit said se- 

io tested multi-bit paralie 1 - date word; and 

reading said selected multi-bit data word during a 
successive cycie oi said reference clock. 

2. The method recited in claim 1 . wherein said 
step of programming said plurality of clock delays 

75 comprises the steps or. 

determining the minimum transmission delay of a 
signal from said central processing unit to each of 
said memory sources; 

determining the minimum reception delay of each 
20 said multi-bit data word by said central processing 

unit from each of said memory sources; 

correlating each said minimum transmission delay 

to each oi said memory sources wrth each of said 

associated minimum reception delays from each oi 
25 said memory sources to establish a minimum 

transmission-reception delay period for each of 

said memory sources; and 

seiectino the period of each of said clock delays to 
approximate each of said minimum transmission- 
30 reception delay periods. 

3. The method recited in claim 2, wherein said 
step of period selecting comprises selecting one of 
said delayed clock signals having a delay period 
approximating said minimum transmission-recep- 

25 tion deiay period of said selected memory source. 

4. The method recited in claim 3, wherein said 
step of sionaling said selected memory source with 
said selected delayed clock signal comprises inter- 
rogating a transmit latch for said selected memory 

40 source. 

5. The method recited in claim 4, wnerem said 
step of reading said selected multi-bit data word 
comprises reading said multi-bit data word during a 
prescribed interval of said reference clock signal 

45 cycle. 

6. Tne method recited in claim 5, wherein saio 
step of programming said plurality of clock delays 
comprises programming at least one of said clock 
delavs with a delay of substantially zero. 

5 o 7. A method of maximizing dat2 acquisition 

between at least one central processing unit with a 
reference dock and at ieast one memory source, 
said memory source having variable data rate out- 
puts and data paths, comprising the steps or 

55 determining the minimum transmission delay of 
each of said data paths from said centra! prccess- 
inc unit to each oi said memory sources; 
determinino the minimum reception delay of each 
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oi said date paths by said centra! processing unit 
from each oi said memory sources; 
correlating each oi said minimum transmission de- 
lays to each of said memory sources with each oi 
said associated minimum reception delays from 
each oi said memory sources to establish a mini- 
mum transmission-reception delay period tor each 
ot said memory sources; 

programming a plurality of clock delays with re- 
spect to said centra) processing unit reference 
clock, with each said programmed deiay corre- 
sponding to a different one of said minimum 
transmission-reception delay periods to form a plu- 
rality oi delayed clock signals; 
selecting one oi said memory sources; 
selecting one of said delayed clock signals having 
a clock delay approximating said minimum 
transmission-reception delay period tor said se- 
lected memory source; 

signaling said selected memory source with a first 
latch signal synchronized with said reference clock 
signal to form latched serial source data; 
signaling said selected- memory source with a sec- 
ond latch signal synchronized with said reference 
clock signal to form a plurality of latched parallel 
multi-bit data words from said latched serial source 
data; 

signaling sard selected memory source with a se- 
lect signal to select one of said latched parallel 
multi-bit data words; 

signaling said selected memory source with said 
selected delayed clock signal to transmit said se- 
lected multi-bit parallel data word; and 
reading said selected multi-bit data word during a 
successive cycle of said reference clock signal. 

6. The method recited in ciaim 7, wherein said 
step of signaling said selected memory source with, 
said selected delayed clock signal comprises inter- 
rogating a transmit latch for said selected memory 
source. 

9. The method recited in claim 8, wherein said 
step of reading said selected data word comprises 
reading said word during a prescribed interval of 
said reference clock signal cycle. 

10. The method recited in claim 9, wherein 
said step oi' programming said plurality of clock 
delays comprises programming at lea^i one of said 
dock delays with a delay oi substantially zero. 

11. For a memory device tor transferring data 
to at leas: one central processing unit with a refer- 
ence clock, including a data path between said 
memory device and said central processing unit, a 
method oi providing transmission oi said data with- 
out synchronization of said memory device with 
said central processing unK, comprising the steps 

latching selected serial source data from saio 
memory device in synchronization with said refer- 



ence clock; 

latching a plurality oi multi-bit data words from said 
latched serial source data in synchronization with 
said reference ciock; 
£ latching a selected one oi said multi-bit data words; 
and 

transferring said selected one oi said multi-bit data 
words to said central processing unit after a clock 
delay relative to said reference ciock. 
70 12. The method recited in claim 11, wherein 

said clock delay has a delay corresponding to a 
minimum transmission-reception delay period oi 

said data path. 

13. For a memory device included in a system 

75 control unit (SCU) with a reference clock adapted 
to work in a computer system containing multiple 
central processing units, said SCU including a data 
path between said memory device and each oi 
said central processing units, a method oi provid- 

20 ing transmission oi said data without synchroniza- 
tion oi said memory device with said centra! pro- 
cessing units, comprising the steps ot 
latching selected serial source data from said 
memory device in synchronization with said refer- 

25 ence clock: 

latching a plurality oi multi-bit data words from said 
latched serial source data in synchronization with 
said reference clock; 

latching a selected one oi said multi-bit data words; 
3D and 

transferring said selected one oi said- multi-bit cata 
words to each one or said central processing units 
after a corresponding one oi a plurality oi clock 
delavs relative to said reference clock. 
25 u. The method recited in claim 13, wherein 

each oi said clock delays has a delay correspond- 
ing to a minimum transmission-reception delay pe- 
riod oi said date path between said memory device 
and each corresponding one oi said central pro- 

40 cessing units. 

15. Apparatus for maximizing data acquisition 
between at least one centra! processing unit with a 
reference clock and at least one memory source, 
said memory source 'having variable data rate out- 

4$ puts and data paths, comprising: 

means tor latching selected serial source data from 
a selected one oi said selected memory sources in 
synchronization with said reference clock; 
means for latching a plurality oi multi-bit data 

50 words from said latched serial source data in syn- 
chronization with said reference clock; 
means for latching a selected one ot said multi-bit 
data words; 

means tor transmitting said selected multi-bh data 
« word to said central processing unit with a selected 
one oi a plurality oi oeiayed clock signals, each oi 
said delaved clock signals having a different pro- 
grammed' clock delay with respect to said central 
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processing unit reference dock; and 
means tor reading said selected muff-bit data word 
during a successive cycle of said reference clock. 

16. The apparatus recited in claim 15, wherein 
said means tor transmitting comprises means for 
Generating said piuraiity of delayed clock signals. 

17. The apparatus recited in claim 16. wherein 
said means tor generating comprises means- tor 
phasing said clock delays for each of said delayed 
clock "signals to correspond to the minimum 
transmission-reception delay period of each oi said 
data paths from said central processing unit to 
each of said memory sources. 

' 18. A memory device for transferring data to at 
least one central processing unit with a reference 
ciock, including a data path between said memory 
device and said central processing unit, providing 
transmission of said data without synchronization of 
said memory device with said centra! processing 
unit, comprising: 

means for latching selected serial source datH from 
said memory device in synchronization with sato 
reference ciock; 

means -for latching a piuraiity oi multi-bit cata 
words from said latched serial source data in syn- 
chronization with said reference clock; 
means tor latching a selected one of said multi-bit 
data words; and, 

means tor transferring said selected one oi saio 
multi-bit data words to said central processing unn 
after a ciock delay relative to said reference clock. 

19. The memory device recited in claim IB, 
wherein said clock delay has a delay correspond- 
ing to a minimum transmission-reception aelay pe- 
riod of said data path. 

20 A memory device included in a system 
control unit (SCU) with a reference ciock adapted 
to work in a computer system containing multiple 
central processing units, said SOU including a data 
path between said memory device and each oi 
said central processing units, providing transmis- 
sion of said data without synchronization oi said 
memory device with said central processing unrts, 

comprising: 

means ior latching selected serial source oate from 
said memory device in synchronization with saio 
reference clock; , fc 

means for latching a piuraiity of multi-D* da.a 
words from said latched serial source data in syn- 
chronization with said reference clock; means tor 
latching a selected one oi said multi-bit data worcs; 

and . . 

means tor transferring said selected one o. sad 
multi-bit data words to each one of saio central 
orocessinc units after a corresoondino one oi a 
plurality ol ciock delays relative to said rererence 

ciock. .. «, 

21. Tne memory device recited in claim 20 



wherein each of said ciock delays has a delay 
corresponding to a minimum transmission-recep- 
tion delav period of said data path between said 
memory device and said corresponding one oi said 
central processing units. 
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